
Novel Camptothecin Derivatives. Part 1: Oxyalkanoic
Acid Esters of Camptothecin and Their In Vitro and In Vivo

Antitumor Activity

Li-Xi Yang,a,b,* Xiandao Pana and Hui-Juan Wanga

aRadiobiology Laboratory, California Pacific Medical Center Research Institute, San Francisco, CA 94118, USA
bSt. Mary’s Medical Center, San Francisco, CA 94117, USA

Received 17 December 2001; accepted 28 February 2002

Abstract—A series of oxyalkanoic acid esters of (20S)-camptothecin derivatives was prepared by the method of acylation. Their
antitumor activity was evaluated on cancer cells in vitro by the colony formation assay and in vivo. These newly synthesized
derivatives show a dramatically higher chemotherapeutic activity in killing human cancer cells than the parent drug, camptothecin,
and clinically available drugs, irinotecan and taxol. # 2002 Elsevier Science Ltd. All rights reserved.

Camptothecin (1) is an alkaloid first isolated from the
wood and bark of Camptotheca acuminata (Nyssaceae)
by Wall and co-workers in 1966.1 It has been well
demonstrated that camptothecin has antitumor activity
against many human solid tumors. Mechanistic studies
have shown that its antitumor activity is closely asso-
ciated with its inhibition of topoismerase I, which is
required for DNA replication and RNA transcription in
cells.2 However, severe toxicity (e.g., neutropenia, thro-
mobocytopenia, hemorrhagic cystitis, and G.I. symp-
toms with significant diarrhoea) of camptothecin greatly

limited its use in cancer therapy. Many attempts have
been made to modify camptothecin’s structure in
order to reduce its toxicity and maintain or increase its
anticancer activity.

During past decades two groups of camptothecin deriv-
atives have been developed and entered into clinical
trials. The first group includes water-insoluble camp-
tothecins, including 9-nitrocamptothecin (2)3 and
9-aminocamptothecin (3).4 The second group, water-
soluble, consists of topotecan (4)5 and irinotecan (5).6
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Structure–activity relationship studies suggested that
the intact lactone ring E of camptothecin is the most
critical structural feature with respect to antitumor
activity.7,13 The severe toxicity of camptothecin may be
largely due to the rapid opening of the intact lactone
ring when the drug enters the plasma. Studies by Cao et
al.8 showed that the biological life span of lactone forms
of their simple camptothecin esters in human and mouse
plasma significantly increased when compared with
their mother compounds.

We hypothesized that the opening rate of the intact
lactone ring E could be remarkably reduced if the (20S)-
hydroxy group is esterified with an oxyalkanoic acid, so
that the toxicity of these newly modified camptothecin
derivatives could be drastically decreased, but their
antitumor activity could be markedly increased. In this
study, we synthesized a series of novel (20S) campto-
thecin derivatives (6–15) with the oxyalkanoic acid esters
in the molecules, evaluated their in vivo toxicity, and
tested the antitumor activity of these novel compounds
against cancer cells in vitro and in vivo (Scheme 1).

Camptothecin esters were prepared in suitable yields by
the straightforward acylation of camptothecin with the
corresponding oxyalkanoic acid in the presence of a
coupling agent 1-[3-(dimethylamino)propyl]-3-ethyl-
carbodiimide hydrochloride (EDCI)9 and a catalyst
4-dimethylaminopyridine (DMAP) at room tempera-
ture. The 1H NMR spectra of these novel camptothecin
esters10 showed the corresponding characteristic
protons for their side ester chains.

The cytotoxicity of novel camptothecin derivatives was
evaluated on four human cancer cell lines (taxol-sensi-
tive and taxol-resistant) using the colony formation
assay.11 As shown in Table 1, some of newly synthesized
camptothecin derivatives were extremely active against
four cancer cell lines. Their in vitro antitumor effects
were similar to CPT, but significantly higher than that
of CPT-11. Furthermore, new camptothecin derivatives
of oxyacetic acid proved to be 25–2000 times more
effective than Taxol in killing VM46 or MCF-7/ADR
cells. These encouraging results suggested that these new
derivatives could overcome taxol-resistance in both
human colon and breast cancer cells overexpressing
multidrug resistant (MDR1) gene. The data also
showed that oxyacetate esters (6–12) (ID50<10 nM) of
camptothecin were more effective in killing four human
cancer cells (both taxol-sensitive and taxol-resistant) inScheme 1.

Table 1. In vitro and in vivo antitumor activities of novel camptothecin derivatives

In vitro cytotoxicity (ID50, nM) In vivo antitumor activity

HCT116 VM46 PC-3 MCF-7ADR MTD/NTD* (mg/kg) T/C%

Taxol1 2.3 >50 4.0 >10,000 40.6 150
Camptothecin 2.8 2.4 3.8 3.9 12 183
Irinotecan 540 220 — >500 200 217
6 2.7 0.9 3.5 4.3 150* 217
7 3.6 2.5 6.2 7.2 100* 200
8 3.0 1.8 3.9 4.1 150* 117
9 3.0 1.9 3.2 5.5 150* 300
10 3.5 0.7 3.0 5.2 75* 200
11 3.3 3.0 4.8 7.0 100* 250
12 3.1 2.4 4.6 5.0 45* 200
13 8.0 7.0 — 28 150* 133
14 39 27 — 89 100* 250
15 >100 94 — >100 150* —

HCT116, human colon cancer cells (taxol-sensitive); VM46, subline of HCT116 (taxol-resistant); PC-3, human prostate cancer cells (taxol-sensitive);
MCF-7/ADR, human breast cancer cells (taxol-resistant). All four cell lines were purchased from NCI, NIH. MTD: maximum tolerated dose.
NTD*: non-toxic dose. ID50: the drug concentration producing 50% inhibition of colony formation from three point determinations. Standard
deviations (SDs) for the in vitro cytotoxicity were less than 10%. For the in vivo efficacy experiments, mice were injected ip with drug solution where
drugs were dissolved in cremophor/alcohol (1:1) and then diluted in saline to 5% cremophor, 5% alcohol, 90% saline. T/C% (tumor growth
inhibition value)=(surviving days of mice treated with an anticancer drug T/surviving days of control mice C)�100%.
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vitro than oxypropionate ester (13) (ID50=7–28 nM)
and oxybutyrate ester (14) (ID50=27–89 nM) and oxy-
valerate ester (15) (ID50>94 nM). The shorter the car-
bon chain between carbonyl and oxygen, the better the
antitumor activity in vitro. The in vivo toxicity study
showed that the MTD values of new camptothecin
derivatives were much higher than CPT and taxol, indi-
cating that all these esters were significantly less toxic to
normal mice than parent drug, CPT, and taxol. Com-
pounds 10 and 12 were more toxic to mice than other
compounds, suggesting that six-membered intact lac-
tone and methylenedioxy rings of ester chain might
increase their in vivo toxicity. The in vivo antitumor
effects of these new camptothecin esters were deter-
mined on C3H/HeJ mice bearing mouse mammary
adenocarcinoma (MTG-B)12 by a tumor regrowth
assay. Surviving days measured from day 0 (when
tumor reaches the size of 8 mm diameter) for mice
treated with antitumor drugs (T) and surviving days
measured from day 0 for control mice (C) were recor-
ded. The preliminary in vivo results showed that all
tested compounds (6–13) were active in controlling
MTG-B mouse mammary tumor. The T/C% values of
all new camptothecin derivatives except compounds 8
and 13 were significantly higher than CPT and taxol.
Among new compounds, the camptothecin-20S-
(4-bromophenoxyacetate) (9) produced the most sig-
nificant antitumor activity (T/C%>300). Apparently,
the above data strongly suggest that esterification of
(20S) camptothecin with an oxyalkanoic acid could
protect the lactone E ring from hydrolysis or slow down
the opening rate of the intact lactone ring E, resulting in
reduced toxicity to normal tissues and enhanced anti-
tumor activity. A variety of the substituents on the side
ester chains might also affect the anticancer activity and
toxicity of these camptothecin derivatives to a certain
extent. Further study on the structure–activity rela-
tionhsip (SAR) of this new class of camptothecin deriv-
atives is being pursued in our laboratory.
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